Balance control during overground walking was assessed in 10 young (23.6 ± 3.4) and 10 older 23 (71.0 ± 5.5 years) healthy females during free gaze, and when fixating or tracking another person in 24 an everyday use waiting room. Balance control was characterised by medial/lateral sacrum 25 acceleration dispersion, and gaze fixations were simultaneously assessed with eye tracking 26 equipment. The results showed decreased balance control when fixating a stationary (p=0.003, 27 g av =0.19) and tracking a walking (p=0.027, g av =0.16) person compared to free gaze. The older 28 adults exhibited reduced baseline stability throughout, but the decrease caused by the visual tasks 29
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were not more profound than the younger adults. The decreased balance control when fixating on or 30 tracking the observed person was likely due to more challenging conditions for interpreting retinal 31 flow, which facilitated less reliable estimates of self-motion through vision. The older adults may 32 also have adopted a more rigid posture to facilitate visual stability, which attenuated any ageing 33
Introduction 40
Vision helps maintain an upright posture during locomotion [1, 2] . This is facilitated by changes in 41 patterns of light intensities caused by relative motion between an observer and their environment, 42 which are sensed at the retina. Lateral trunk lean, for example, would generate a translational flow 43 on the retina in the opposite direction [3] . The central nervous system uses this to estimate shifts in 44 body position and initiate postural adjustments [4] . Eye movements can change the structure of 45 retinal flow, and this has previously been suggested to affect balance control during locomotion. 46
That is, visually tracking a moving target with smooth pursuits led to increased medial/lateral (ML) 47 trunk movement and step-width variability in young and older adults [5] . During such eye 48 movements, although the target of fixation is stabilised on the fovea, the background information 49 invariably shifts on the retina in the direction opposite to the eye rotation [6] . This seems to make it 50 more difficult to estimate self-motion through visual means, which is similar to that shown in 51 standing experiments [7] [8] [9] . 52 53 During our previous investigation [5] , the visual target was projected in 2D at one end of the 54 laboratory. Humans often, however, fixate and track 3D objects located more in the foreground, 55 such as another standing or walking person in the field of view [10] . This would change the 56 structure of retinal flow when compared to a 2D target. Because the person would be closer to the 57 observer relative to the background, there would be defocus blur to regions immediately 58 surrounding the person [10] . Further, the relative distance would generate motion parallax, with the 59 retinal image of the region behind the person shifting in the direction of the observer's movements 60 [11] . Of interest is whether these factors would generate a different balance response in an observer 61 when compared to our previous investigation. 62
63
Previous studies examining parallax and balance control during locomotion have typically used 64 corridor style paradigms [12, 13] . These do not create the same defocus blur or parallax which 65 would occur when fixating a single object ahead of the observer, such as another person. 66
Predicting what effect fixating another person would have on balance control during locomotion is 67 thus difficult. However, some evidence can be taken from standing experiments. These typically 68 show improvements to postural control when fixating a single near target in relation to the 69 background. The extra parallax cues are thought to provide 'richer' retinal information to make 70 postural adjustments against (for a review see [4] ). Therefore, it is feasible that the parallax caused 71 by fixating a standing person (whilst the observer is walking) could maintain or improve balance in 72 the observer when compared to no person being present. On the other hand, if the person being 73 observed walked perpendicular to the observer's heading direction, a smooth pursuit would be 74 needed to track them. Thus, retinal flow would consist of a combination of radial expansion from 75 forward progression, and horizontal flow from the eye rotation [14] . Similar to our previous 76 experiment [5] , this would resemble a curved movement with a shifting focus of expansion [14] . 77
Although there are compensatory mechanisms against retinal image motion during smooth pursuits 78 to maintain perceptual stability [6, 15] , these are imperfect. For instance, there have been 79
documented declines in motion sensitivity [16] , and temporal contrast sensitivity to moving stimuli 80 [17] . Ultimately, the altered flow could lead to less accurate visual detection of self-motion, and this 81 could cause a decrease in balance control despite the parallax cues which would be present. 82
83
If tracking a walking person is shown to decrease balance control, it could have important 84 implications in older adults. Older adults have been shown to have a reduced ability to decouple 85 retinal flow caused by external motion from that caused by self-motion, potentially due to 86 somatosensory processing declines [18] . Further, this has been shown to decrease stability during 87 locomotion [19] . Therefore, if older adults are less able to process retinal flow during the smooth 88 pursuit to track a walking person, it could lead to a bigger decrease in stability when compared to 89 young adults. Moreover, although our previous laboratory investigation showed a similar decrease 90 to balance control in young and older adults tracking a 2D target, the older adults were already 91 exhibiting lower baseline stability. This is typical in healthy older populations. Any further decrease 92 determine eligibility and adhered to inclusion criteria previously outlined [9] . In brief, they had no 110 known musculoskeletal or neurophysiological conditions which could negatively affect balance 111 control during walking. The participants had an uncorrected visual acuity of ≥20/100 and were able 112 to ambulate in the community without visual correction. The participants were also free from 113 Table 1 . Head rotation SD showed no main effect of condition or age, 249 or any interaction effect between condition and age. RMS gaze error and the correlation coefficients 250 between gaze and actor coordinates are shown in Table 2 . RMS gaze error and the correlation 251 coefficients (all strong) showed no main effects of condition or age, or any interaction effects 252 between condition and age. This suggests the participants followed instructions and tracked the 253 actor with their eyes whilst refraining from head rotations. The present results show a reduction in balance control whilst visually fixating or tracking another 275 person as opposed to free gaze in young and older adults. In contrast to our first 2 hypotheses, there 276 was a similar decrease to balance control when the person being observed was standing compared 277 to walking. There were no differences in gaze errors between conditions or ages, and the 278 correlations between the gaze and actor coordinates were all strong. It can thus be assumed that the 279 participants followed instruction and averted their gaze to the actor. There were also no changes in 280 walking speed between conditions, and so alterations to walking speed could not have altered ML 281 trunk acceleration. Therefore, it seems to be that the underlying mechanisms responsible for the 282 decreased balance control had a similar magnitude of effect in both conditions. 283
284
One potential explanation is that the act of constraining vision to the actor inherently altered 285 balance characteristics as opposed to free gaze. That is, it might have hindered the gathering of 286 visuospatial information useful for balance control. Doi et al. [26] , for example, demonstrated 287 increased ML trunk acceleration in healthy older adults reading from an earth-fixed display when 288 compared to free gaze [26] . However, they also found a reduction in walking speed, which was 289 thought to be associated with the 'dual task' nature of walking and reading. The present results do 290 not show this. Moreover, merely constraining vision to a fixed location ahead of the observer has 291 previously been shown not to alter gait characteristics when compared to free gaze in older adults 292
[27]. Therefore, it is unlikely that the present results can be explained by either simply constraining when fixating near objects [4] . However, quiet stance is associated with slow and small head 308 movements. During locomotion, the gait cycle would induce bigger and more abrupt movements of 309 the head [30] . In the present experiment, this would have caused the image of the background 310 behind the actor (which would have been subject to defocus blur) to shift up and down and side to 311 side with greater magnitude and more abruptly on the retina. Therefore, it seems that this dynamic 312
retinal flow was more difficult to interpret, and equally so to the flow caused by tracking the 313 walking person. 314
315
With regard to ageing effects, the older adults walked more slowly throughout testing compared to 316 the younger adults. This is typical, and the values fall in line with previous literature [31] . 317 Importantly, the older adults exhibited similar ML acceleration dispersion compared to the younger 318 adults despite the reduced walking speed. It is known that ML trunk acceleration is dependent on 319 walking speed [32] . Therefore, the older adults were relatively more unstable than the younger 320 adults. This agrees with our previous findings [5] and supports part of our final hypothesis. 321 322 Despite the lower baseline stability, averting gaze to the actor did not cause a bigger reduction to 323 balance control in the older adults when compared to the young adults, which was unexpected. One 324 possible explanation is that the older adults simply processed retinal flow during the visual tasks as 325 effectively as the young participants. This might not be surprising considering other older 326 populations have been shown to exhibit resistance to visual motion perception ageing effects due to 327 compensatory mechanisms [33] . The present older participants were also healthy and could all 328 ambulate within the community without visual correction. They can thus be considered as a 329 relatively healthy sample of the wider older population. shown to generate a more rigid body position in older adults [34] . To shed light on these potential 341 mechanisms, it would be necessary to incorporate more measurement techniques. However, it 342 should be noted that the present experiment attempted to reduce the amount of equipment utilised, 343 thus maximising the real-world element of the research. 344
345
There was no ageing effect for the visual parameters of RMS gaze error and correlation coefficients 346 between gaze and actor coordinates. During locomotion, the accuracy of the visual system has been 347 shown to change for saccadic eye movements but not for smooth pursuits in older adults [37] , so 348 this might not be unexpected. However, the eye tracking equipment used in the present 349 investigation is not sensitive to fine grained metrics, such as latencies -it was mainly intended to 350 ensure that the participants were following instructions. 351
352
In conclusion, the present results show a reduction in balance control in young and older adults 353 when fixating or tracking another person as opposed to free gaze. This was likely related to altered 354 retinal flow. The lack of an ageing effect from the visual tasks might indicate the older adults 355 adopted a more rigid posture to facilitate visual stability. However, further research is needed to 356 confirm this notion. Because the older adults were already exhibiting a lower baseline stability, the 357 further decrease caused by gazing the actor was undesirable. The small increase in sacrum 358 acceleration dispersion may also warrant further investigation in those at a greater risk of falling, 359 such as those with ocular or vestibular dysfunction. 360 361
